Purpose: To assess the influence of combined training on pain, fatigue, maximal oxygen uptake (VO 2 max), body mass index (BMI), flexibility, and strength in patients with breast cancer.
Background
Cancer accounts for more than 8 million deaths worldwide. It is estimated that the number of new cases will increase by 70% over the next two decades, making cancer one of the principal causes of morbidity and mortality. Approximately 60% of the new cases of cancer occur each year in Africa, Asia, Central and South America; these regions are also responsible for the majority of cancer deaths [37] . Estimates for 2016-2017 predict 596,000 cases of cancer in Brazil, of which 300,800 are expected to be women, including 57,960 cases of breast cancer [27] .
Treatment for breast cancer is expensive: it costs more than $ 13.89 for a single patient to undergo biopsies, sectorectomy, chemotherapy (taxanes followed by anthracycline), radiation therapy, and 5 years of tamoxifen. These costs can be even higher depending on the treatment regimen, making breast cancer a public health problem [17] .
The adverse side effects of cancer treatment include pain, fatigue, cachexia (wasting syndrome), diminished strength and lung capacity, and reduced range of movement, among others [7, 15, 21, 29] . Six months after diagnosis, approximately 90% of women manifested at least one adverse side effect from cancer treatment, while 60% experienced multiple late effects that influenced their treatment and quality of life, and consequently their survival rates. Furthermore, 6 years after treatment, 30% of women reported treatment-related late effects, which have implications for morbidity and mortality rates [32] .
Pain is one of the most common symptoms in patients with breast cancer, with 30-60% experiencing moderate to intense pain [13] . In addition to the high prevalence of pain among these patients, approximately half of them receive inadequate treatment; this may be related to a failure in identifying the intensity of pain, or underestimation of the severity of pain.
Pain tends to decrease by physical training, which increases strength, cardiorespiratory fitness, flexibility, and quality of life, and decreases fatigue, length of hospital stay, anxiety, depression, stress, sleep disorders, nausea, and vomiting. It also contributes to better responses to treatment, body image, mood, and body mass maintenance (maintaining or increasing muscle tissue and reducing body fat) [15, 19, 23] .
In a multi-centric study with 301 patients undergoing chemotherapy, it was observed that higher-intensity aerobic training was more effective at decreasing pain, compared to lower-intensity aerobic training and combined training. However, pain assessment in the previous study was performed by using a quality-of-life questionnaire rather than using a specific scale [8] .
Combined training has been studied as a means for decreasing pain in patients with breast cancer. One study demonstrated that combined training, which included aerobic and resistance exercises for eight months, succeeded in decreasing pain [15] . Another study showed that while combined aquatic exercise training for 8 weeks, which included aerobic, resistance, and flexibility exercises, reduced pain, they did not improve sure muscle pain, and even increased cervical spine (neck) pain [7] . Due to the scarcity of random clinical trials evaluating patients' pain, a physical training protocol that outlines the ideal duration, intensity, and combination of different exercises in a single session has yet to be established for the treatment of pain in patients with breast cancer [3, 6] .
The present study aims to evaluate the influence of a 12-week course of combined training containing aerobic, resistance, and flexibility exercises on pain, fatigue, maximum oxygen uptake (VO 2 max), body mass index (BMI), flexibility, and strength in patients with breast cancer.
Our first hypothesis is that the combined training reduces the pain in patients with breast cancer. The second one is that the combined training reduces the fatigue and BMI, besides increases the VO 2 max, flexibility, and strength in patients with breast cancer. The last hypothesis is that the pain is related to the fatigue, BMI, VO 2 max, flexibility, and strength.
Methods

Participants
Thirty-one female patients participated in this study; all were between the ages of 30 and 59, had not engaged in physical training over the previous 6 months, and were undergoing treatment (chemotherapy and radiation therapy) or being observed due to breast cancer at the Aldenora Bello Cancer Hospital (HCAB). This study excluded patients with mental or psychological disorders, those who were incapable of verbal communication or physical movement, and those who were pregnant or breastfeeding. Patients were excluded from the study if they missed three consecutive sessions, did not complete the evaluations, experienced psychological disturbances, became pregnant, quit, died, or were removed from the study by doctor's orders.
Participants were informed about the objectives of the study and written informed consent was obtained. The study received approval from the Committee on Ethics in Research of the Federal University of Maranhão (UFMA), under protocol 20665713.2.0000.5087.
Co-variables
Anthropometric measurements, such as weight (kg), height (cm) and age (years), were taken [11] .
The marital status (single; married; widowed; divorced), educational level (high school; college), employment status (employed; unemployed), and family income (monthly income < twice the minimum wage; monthly income ≥ twice the minimum wage, where the minimum wage was $ 218.91) were ascertained by history-taking. Several hemodynamic variables were considered, such as the resting heart rate (HR), systolic blood pressure (SBP) , and diastolic blood pressure (DBP) following resting in a comfortable position for 5 mins [11] .
The type of tumor, pathologic stage of cancer (TNM classification = T: primary tumor; N: regional lymph nodes, M: distant metastasis) [25] , the phase of treatment (chemotherapy, radiation therapy), and patient observation were evaluated through hospital records and patient histories.
The level of physical activity was assessed using the short version of the International Physical Activity Questionnaire (IPAQ). The participants were classified into the following: very active, active, occasionally active, and sedentary (those who did not engage in any physical activity for continuous 10 mins over the week) [34] . Each patient was also questioned for the duration she had stayed without participating in any physical training (3-12 months; more than a year; never participated).
Primary outcome
The pain was assessed using the Brief Pain Inventory (Attachment A), validated for Brazilian Portuguese. This research tool evaluates not only the intensity and location of pain but also the degree to which pain interferes with a patient's daily life and the effectiveness of pain management therapies; thus, the use of scales in hospital assessments can make it easier to identify and treat pain [10] . The questionnaire's cut-off points are 4 for moderate pain and 8 for severe pain (1-4 = slight pain; 5-7 = moderate pain; and 8-10 = severe pain). Each score in the inventory varies from 0 (no interference or no pain) to 10 (the worst possible pain). The inventory is evaluated by looking at the numerical scores for each question; in other words, there is no general overall score for the questionnaire. In evaluating the dimensions, scores for each question in the inventory were averaged [10] .
Secondary outcomes
Fatigue Fatigue was assessed using the Revised Piper Fatigue Scale (PFS-R), a validated instrument made up of 22 items distributed in three dimensions: behavioral, affective, and sensorial-psychological or sensorialcognitive-emotional. Fatigue was then measured by averaging these three dimensions [26] .
Maximum oxygen uptake (VO 2 max) The volume of VO 2 max was determined using the American College of Sports Medicine (ACSM) submaximal cycle ergometer test [2] . The test based on a final force at a protocol of 15 W per minute, using the formula for women: VO 2 max (ml 
Body mass index (BMI)
The BMI was obtained from the height and body mass using the formula BMI = mass (Kg) / height (m) 2 [2] .
Flexibility Flexibility was measured using the sit and reach test, which measures the flexibility of the hip joint as well as the lower back and hamstring muscles. The test used a Wells bench (Wells Portable Instant Pro Sanny) attached to a wall, where patients supported their feet, approximately at the width of their hips. With clasped hands, the patient stretches, reaching towards the bench as far as they can, without bending their knees or feeling pain. The furthest stretch out of three attempts was recorded as the measure of their flexibility [11] .
Strength
Static strength was measured through the grip strength test, using a hand dynamometer (Jamar Sammons Preston), which has a scale from 0 to 100 k. Patients took the test by squeezing the dynamometer as tightly as they could without bending their elbow or altering their posture, in three repetitions, alternating their hands [11] .
Intervention
The combined training program consisted of a 12-week long course of aerobic, resistance, and flexibility exercises, with three sessions per week devoted to aerobic and resistance training in the same session (under the supervision of trainers specialized in physical exercise), and two sessions per week devoted to flexibility training (without supervision). The aerobic/resistance and stretching sessions took place on alternate days. Each session of aerobic and resistance training lasted 60 mins, in the following order: 30 mins on the cycle ergometer (stationary exercise bicycle), hip flexion and extensions, shoulder exercises, squatting with a Swiss ball (stability ball), French presses (triceps extension exercises), and lifting exercises for the dorsal muscles. The flexibility training session lasted approximately 15 mins.
Familiarization
Participants were familiarized with the stretching exercises for 2 weeks, in three sessions per week, during this period each patient was coached on the correct performance of the stretching exercises. Familiarization with the aerobic and resistance training took place in three sessions over the course of a week, during which the cycle ergometer (stationary exercise bicycle) regimen was with 15 watts, and the resistance training regimen was with the patients' body weight and a light Theraband, with 8-12 repetitions at oneminute intervals for each exercise.
Aerobics
Aerobic training was regulated using the target heart rate (THR) [18] from the following formula: THR = x. (MHR -RHR) + RHR, where x: % of the target effort, MHR: maximum heart rate, and RHR: resting heart rate. MHR was obtained using the cardiorespiratory test, and RHR was measured with the patient at rest. The THR was measured using a fitness monitor (Polar FT2). The cardiorespiratory fitness test was carried out using the ramp protocol [28] on a cycle ergometer (ERGO FIT brand, model ERGO 167-FITC CYCLE), starting with a five-minute warm-up at 15 watts, then raised by 15-watt increments at 60-s intervals. After reaching the maximum stage, there was a three-minute active recuperation period at the original 15 watts; the stages had between 70 and 90 rotations per minute (RPM). Every 15 s at the end of a stage, BP and HR measurements were obtained using a conventional sphygmomanometer (BD®) and Polar FT2, respectively. Perceived exertion was measured using the Borg Rating of Perceived Exertion scale (Infor Fisic). Before and after a session on the cycle ergometer, patients remained in a seated resting position while their BP and HR were measured, and their perceived exertion on the Borg scale was rated. The cardiorespiratory test was conducted 72 h after the familiarization. The rating of perceived exertion (RPE) was used to verify the intensity of individualized training (7-8 = Very easy; 9-10 = Easy; 11-12 = Somewhat easy; 13-14 = Slightly tiring; 15-16 = Tiring; 17-18 = Very tiring; and 19-20 = Exhausting), with patients verbally encouraged to reach their highest possible level of fatigue.
Resistance
The protocol for resistance training was three series of 12 repetitions for each exercise, with one-minute intervals between repetitions and series. Each movement was conducted at a speed of 3 s for the concentric phase and 3 s for the eccentric phase [5] . The exercises were alternated by segment, prioritizing the large muscle groups and employing ankle weights, weighted halters, elastic bands (Therabands), and the patient's body weight. The training weight was determined by having the patient do 12 repetitions 72 h after familiarization [14] . Patients who were able to do more than 12 repetitions rested for 5 mins, and then repeated the 12 repetitions with additional weight.
Flexibility
The flexibility training involved active stretching (greater range of movement by a joint by contracting the agonist muscles and relaxing the antagonist muscles) without pain, where each exercise lasted for 20 s in three series [36] . The stretching exercises were: 1) Shoulder adduction with elbows extended, both sides; 2) Shoulder and elbow flexion with the palm on the back, both sides; 3) Fist flexion; 4) Fist extension; 5) Hip abduction with knees bent; 6) Hip flexion from a seated position with shoulder abduction and elbow flexion; 7) Touching the toes from a seated position with legs extended; 8) Touching the toes from a seated position with the legs extended and crossed, both sides; 9) Shoulder flexion and adduction with hands clasped together in front; and 10) Standing wall dorsiflexion.
Weight progression Weight progressions were carried out every 4 weeks, respecting each patient's individual biology in the cardiorespiratory fitness test and the maximum repetitions for predicting the initial weight [36] . Aerobic training began at 50-60% of the THR, ending at 80-90% of the THR. Resistance training began with the patient's body weight or 1 kg in halters or ankle weights, and the moderate setting was used on the elastic band. In the fifth week, 1 kg was added to the weights, and the elastic band was increased to the high setting, where it was maintained until the twelfth week (Table 1 ).
Sample
The sample was for the convenience of breast cancer patients, and they were randomly assigned to intervention groups. Thirty-one patients participated in the research project, divided into a study group (SG) and a control group (CG).
Calculation of the sample size
The sample of the pilot study was used for a sample inference of a controlled clinical trial in the Stata 10.0 program, using a test power of 80, 5% alpha, 1:1 division of groups in a matched pair test. The average pain of patients in the SG before the combined training (CT) was 4.79 ± 2.99; after the CT, it was 2.79 ± 2.22, yielding the results for a new study of 56 patients (SG = 28, CG = 28).
Allocation
Patients were contacted and invited to participate in this study by telephone, through invitations issued at regularly-scheduled meetings with HCAB patients, and by referral from oncologists, mastologists, physiatrists, physical therapists, psychologists and pain management specialists. Patients who showed interest received a complete explanation of the study.
Groups were divided 1:1, with one additional patient in the CG. The groups were: SG, which underwent combined training (CT) for 12 weeks in addition to continuing their conventional hospital treatment (CHT) to breast cancer (chemotherapy, radiotherapy, and hormone therapy). CG, which underwent only CHT for 12 weeks and did not perform any physical training. 
Blind study
Assessments of both the SG and the CG were conducted at the study's outset to establish a baseline, and at the end of 12 weeks, corresponding to the length of the combined training intervention. The team was trained in the application of each survey and test procedure, and the researchers were blinded with regards to the physical assessments, only being informed of the day and time of the assessments.
Statistical methods
The Kolmogorov-Smirnov test was used to verify the normality of the variables. Variables were found to be normal for age, height, weight, HR, resting SBP and DBP, total points on the pain scale, the factor of pain intensity with regards to more, less, average and current pain, the factor of pain's interference in the patient's general activity, work, relationships, sleep, enjoyment of life, fatigue, VO 2 max, BMI, flexibility, and static strength. The matched pair student t-test was applied to the dependent and parametric variables, while the Wilcoxon matched pair test was applied to non-parametric and ordinal variables, and McNemar's test was applied to paired and dichotomous variables. F test was used on independent parametric variables, and since all showed similar variations among the groups, the non-matched student t-test was applied. The Mann-Whitney test was used on independent non-parametric and ordinal variables, and the chi-squared test was applied to independent and dichotomous variables.
The secondary outcomes showed normal correlation with the pain intensity. The Pearson correlation test was used, with classifications being negligible (r = < 0.2), weak (r = 0.2-0.4), moderate (r = 0.4-0.6), strong (r = 0.6-0.8), and very strong (r= > 0.80) [12] . The statistical analyses were performed using the Stata 10.0 software, with α = 5%, meaning p < 0.05 considered as statistically significant.
Results
Out of the 300 patients contacted, only 31 were willing to participate in the study. Of these, one patient had to be excluded from SG because of a diagnosis of mental disorder; in CG, one patient died, and another one failed to complete the final assessment. Overall, 28 patients completed the study (14 SG, 14 CG) (Fig. 1) .
Compared with CG, patients in SG did not present significant differences in variables: anthropometric ( (Table 2) .
Patients in SG displayed a significant reduction in total pain points (p = 0,0047), measurements of pain intensity (general intensity p = 0,0082, more p = 0,0284, less p = 0,0365 and average p = 0,0036) and the degree in which pain interfered in the patient's life (general interfered p = 0,0201, mood p = 0,0252 and sleep p = 0,0499). Similar measurements in CG remained the same. There were no significant differences among the groups at the outset of the study or after 12 weeks (Table 3) . VO 2 max (p = 0,0001), flexibility (p = 0,0001), and static strength (right p = 0,0001, left p = 0,0008) in both hands of participants in SG increased significantly, in contrast to those in CG. VO 2 max also displayed a significant difference between the groups at the base (p = 0,0231). However, the difference was even greater after 12 weeks (p = 0,0001). However, fatigue (p = 0,0953) and BMI (p = 0,6088) were not significantly decreased in the SG (Table 4) .
Pain intensity showed a strong positive correlation with fatigue in SG at both the baseline measurement (r = 0,8571, p = 0,0001) and after 12 weeks (r = 0,6880, p = 0,0065), differently than the volume of maximum oxygen uptake, body mass index, flexibility, and static strength on the right and left sides for SG. Fatigue was also significantly correlated to pain intensity in CG (base r = 0,6511, p = 0,0117 and 12 weeks r = 0,7630, p = 0,0015) ( Table 5) .
Discussion
There is no consensus in the literature regarding the ideal management of pain in patients with breast cancer; clinical studies that assess pain as an outcome in these patients are scarce [3, 6] . In this study, it was observed that patients with breast cancer who underwent 12 weeks of combined training, experienced a decrease in pain intensity, pain interference in their daily lives, and total pain points. These results corroborate with the observations in 25 patients undergoing treatment or clinical observation for breast cancer, who also experienced a decrease in pain. However, the combined training in that study was conducted in one aquatic session and six terrestrial sessions of self-massage, range of movement, strengthening, corrective measures, or as the patient preferred [23] .
The combination of three types of different training in the present study may have contributed to the reduced pain in our group of patients with breast cancer. Aerobic exercises raise the peripheral levels of beta-endorphins, which reduces the sympathetic system activity, increases sleepiness, and produces psychological stability, in addition to improving the serotonergic system and the relation between nerve endings and the size of muscle fibers. Resistance exercises produce better synchronization of motor unit firings, more efficient motor unit recruitment, central nervous system activity, and motor-neuron excitability, in addition to depressing the inhibitory neural reflexes and inhibiting Golgi tendon organs [24, 35] . Finally, flexibility exercises produce better control over the articular structures and soft tissues [1] .
In addition to reducing pain, the exercises in this study also increased VO 2 max, flexibility, and strength. This demonstrates that physical training can be an effective non-pharmacological intervention during and after treatment for breast cancer.
One study showed an increase in cardiorespiratory fitness achieved through a 12-week aerobic training program [16] . This differed from a study that showed an increase in flexibility from an 8-week course of Matched pair and independent student t-tests *p < 0.05; **p < 0.01 resistance and flexibility training [21] . Another showed an increase in static strength following 12 weeks of training in self-massage, a range of movement, corrective, and reinforcement exercises [23] . All of these studies were conducted with patients with breast cancer [16, 21, 23] . However, the latter two studies also showed a decrease in pain. This was in contrast with the first, in which pain was cited as a reason for giving up the treatment.
The increase in VO 2 max with combined training may be due to the increase in cardiac output, and more significant interaction between alveolar ventilation and capillary blood flow, as well as skeletal muscles' higher oxidative capacities, brought about by the exercises. The very low baseline readings for VO 2 max among patients who did not participate in the combined exercise training group after 12 weeks is considered severe, since ventilation efficiency indices are adversely affected when VO 2 max is less than 20 ml.kg − 1 .min − 1 , which is often the case for patients with severe cardiac insufficiency. Low VO 2 max may be due to the toxicity caused by chemotherapy and radiation therapy, where hypoactivity in the parasympathetic system and hyperactivity in the sympathetic system activate the network of proinflammatory cytokines, which are present at high levels in patients with fatigue and cancer [9, 31] .
The process of cachexia and sometimes weight gain may explain the inverse correlations between reduced flexibility and strength, and increased pain in patients who did not engage in physical training [29, 33] .
No difference in BMI was observed among patients in this study, which corroborates the literature, such as a study that compared aerobic training with higher-intensity aerobic training and combined aerobic-and-resistance training [8] , as well as another study that involved 10 weeks of walking activity. Both were successful at decreasing pain, but neither improved the BMI of patients with breast cancer [4] .
Cancer patients can change their metabolism such as degradation of muscle mass, reduction in functional capacity, and loss of body fat. However, cancer treatment itself can cause the opposite, i.e., weight gain. Weight gain is also a function of aging; middle-aged women gain weight at the rate of 0.5 kg per year [29, 33] . Therefore, just the practice of exercising may not be sufficient to reduce BMI unless it is in combination with a healthy diet [15] .
Although the proposed protocol did not reduce fatigue, this last one showed a significant positive correlation with pain intensity, both at the study's outset and after 12 weeks for both groups. This symptom stems from some causes, such as psychological, social cognitive, behavioral and physical factors, as well side effects of radiation therapy, chemotherapy, and medications such as letrozole and exemestane used in hormone therapy [20, 30] . This study's limitations include the indirect assessment of VO 2 max and the small sample size. However, research projects focusing on patients during and after cancer treatment encounter difficulties with sample size because of adverse treatment effects and financial circumstances; this may contribute towards difficulty in patients getting to the locations where the physical training was offered [4] . The home-based training can be a modality that increases patients' adhesion in future interventions because It allows the realization of the training in a variety of environments, which It is a possibility of inclusion for patients who live in distant places [22] .
Nevertheless, with this small sample, we found that combined training was able to reduce pain and increase VO 2 max, flexibility, and strength in patients with breast cancer. One of this study's strong points was the use of combined training that-unlike other studies-included a 12-week course of aerobic, resistance, and flexibility exercises in five sessions per week; another strong point was the choice of pain management as a principal outcome, using a specific pain scale for cancer patients. 
